Background A randomized Phase II study evaluated the activity of weekly paclitaxel versus its combination with trastuzumab for treatment of patients with advanced breast cancer overexpressing HER-2. Patients and methods Among 124 patients randomized, 123 are assessable for toxicity and 118 for response. Patients received weekly paclitaxel single agent (80 mg/m 2 ) or combined with trastuzumab (4 mg/kg loading dose, then weekly 2 mg/kg). HER-2 overexpression was determined by immunohistochemistry (IHC). Patients with 2+/3+ IHC scores were eligible. IHC was compared with HER-2 serum extracellular domain (ECD). Results Patient characteristics were similar in the two arms. Both treatments were feasible and well tolerated with no grade 4 hematologic toxicity. No patient developed cardiac toxicity. The combined treatment was statistically significant superior for overall response rate (ORR) (75% vs. 56.9%; P = 0.037), particularly in the subset of IHC 3+ patients (84.5% vs. 47.5%; P = 0.00050). A statistically significant better median time to progression was seen in the subgroup with IHC 3+ (369 vs. 272 days; P = 0.030) and visceral disease (301 vs. 183 days; P = 0.0080) treated with combination. Multivariable analysis of predictive factors showed that only IHC score retained statistically significant value for ORR (P = 0.0035). Conclusion Weekly paclitaxel plus trastuzumab is highly active and safe and it is superior to paclitaxel alone in patients with IHC score of 3+.
Introduction
Innovative therapeutic strategies for breast cancer (BC) include targeted treatments against molecular pathways involved in its pathogenesis or progression [1, 2] . Overexpression of HER-2/neu receptor and/or amplification of the HER-2 gene has been identified in 20-30% of BC and it is associated with more aggressive disease and worse prognosis [3] [4] [5] [6] . Targeting HER-2/neu with trastuzumab, a humanized anti HER-2/neu monoclonal antibody, inhibits the growth signals mediated by this oncogene [7] . Trastuzumab demonstrated moderate activity as single agent, but showed high activity in combination with chemotherapy as front-line therapy in HER-2/neu positive BC [8] [9] [10] . In a randomized trial of first-line therapy in HER-2/neu positive BC, the combination of trastuzumab with anthracyclines or taxanes significantly improved clinical outcome [11] and quality of life [12] as compared to chemotherapy alone.
In vitro studies suggested an additive activity of trastuzumab when combined with paclitaxel [13, 14] and several Phase I-II clinical studies have assessed the antitumoral activity and the tolerability of such a combination [12] [13] [14] [15] [16] [17] . The combination of weekly paclitaxel with trastuzumab [10, 15, 16] produces extended cumulative exposure to the drug and ameliorates the toxicities associated with the standard tri-weekly administration [17] , with mild, non-cumulative, hematologic toxicity allowing its administration for prolonged periods of time [18] .
Moreover, preliminary results of a Phase III study comparing trastuzumab with weekly paclitaxel vs the tri-weekly schedule showed the superiority of the weekly administration in terms of overall response rate (ORR) and time to progression (TTP) [19] .
On these basis we conducted a randomized Phase II trial to demonstrate whether trastuzumab combined with weekly paclitaxel produces superior activity in terms of ORR, TTP and duration of response as compared to weekly paclitaxel alone as first-line therapy of HER-2 overexpressing (HercepTest, score 2+ or 3+) BC. We also studied the correlation of the circulating levels of external cellular domain of HER-2, Epidermal Growth Factor Receptor (EGFR) and CA15-3 with clinical outcome.
Patients and methods

Eligibility criteria
Eligible patients were women with untreated metastatic BC over-expressing HER-2/neu by the HercepTest assay (score 2+ or 3+) with measurable disease, age ‡ 18 years, performance status (2 according to the Eastern Cooperative Oncology Group (ECOG) scale, life expectancy >3 months and adequate organ functions, defined as follows: Isotopic Left Ventricular Ejection Fraction (LVEF) > 50% or within normal limits (WNL) at a given Institution, AST and ALT levels (2.5 times the normal value, total bilirubin < 1.5 the normal value, serum creatinine levels (1.5 mg/dl, neutrophils (2,000/mm 3 , platelets (100,000/mm 3 , hemoglobin >10 g/dl. Patients may have received anthracycline and/or taxane containing regimens as adjuvant chemotherapy and relapsed >12 months following the end of chemotherapy. Patients were excluded if they had received previous chemotherapy for metastatic disease, brain, or bone metastases as the only site of disease, a history of other cancers, except in situ cervix cancer radically resected and nonmelanoma skin cancer, prior history of cardiac disease or hypertension. Patients with peripheral neuropathy of grade 2 or pregnancy were also ineligible. The protocol was approved by the Institutional Ethical Committees. Written patient informed consent was required.
Study design, randomization procedure and assignment to treatment group
This was an open-label, multicentre, randomized, phase II study. The patients were allocated by the independent monitoring agency to treatment group by randomization code envelopes, with a 1:1 randomization (paclitaxel, arm A vs. paclitaxel plus trastuzumab, arm B), stratified according to visceral involvement (yes vs. not), HER-2/neu over-expression (2+ vs. 3+) and center.
Treatment plan
Trastuzumab was administered at the loading dose of 4 mg/kg on day 1, as 90-min infusion followed by weekly doses of 2 mg/kg given over 30 min. Paclitaxel was administered at the dose of 80 mg/m 2 in 500 ml of 0.9% normal saline over 60 min, following trastuzumab administration or as single agent every week. Standard premedication for paclitaxel was administered. Treatment was continued until progressive disease or unacceptable toxicity.
Instructions for dose modification of paclitaxel were as follows: in presence of neutrophils (1,000/mm 3 and platelets (75,000/mm 3 , a full dose of paclitaxel was administered. If neutrophils were < 1,000/mm 3 and >0.5/mm 3 , a 75% dose of paclitaxel was administered with G-CSF support. If neutrophils were < 500/mm 3 or platelets < 75,000/mm 3 , a delay of a week was planned. Patients who experienced an episode of febrile or grade 4 neutropenia, were treated with a dose reduced by 25%. The dose of paclitaxel was decreased to 60 mg/m 2 also in case of grade 2 neurological toxicity. No dose reduction of trastuzumab was planned. Trastuzumab was stopped if patients developed fever, chills, allergic reactions, or any grade 3 or 4 toxicities. After withdrawal from the trial, patients were treated at the discretion ofthe investigator to cross over allowing the patients in the paclitaxel single agent arm to receive trastuzumab.
Biological correlates
HercepTest was performed by immunohistochemistry (IHC) following the manufacturer's guidelines for HER2 protein overexpression. For negative controls, the primary antibody was replaced by normal rabbit serum (Dako Negative Control Reagent). Only membrane staining intensity and pattern were evaluated using the 0/3+ score.
Serum HER-2/neu was measured by the automated two-site sandwich immunoassay HER-2/neu Bayer ADVIA Centaur Ò System using a direct chemiluminescent technology following the manufacturer's guidelines.
Serum EGFR was measured using the Oncogene Science EGFR Microtiter ELISA by a sandwich immunoassay with a mouse monoclonal capture antibody and an alkaline phosphatase-labeled mouse monoclonal antibody as detector. Both capture and detector reagents specifically recognize the extracellular domain of EGFR. Serum CA15.3 was evaluated using the CA15.3 Bayer ADVIA Centaur Ò System, a fully automated, two-step, sandwich immunoassay following the manufacturer's guidelines.
Staging and follow-up procedures
Pre-treatment evaluation was performed within 28 days before therapy with complete history and physical examination, complete blood cell counts and serum chemistries, ECD p185 , left ventricular ejection fraction (LVEF) evaluated by echocardiography or MUGA scan and tumor assessment with total body computed tomography, bone scan, skeletal bone X-rays if indicated. During study, patients underwent clinical examination and routine biochemistry before each cycle, and complete blood cell counts weekly.
Response assessment was planned after the first 8 and 16 weeks of therapy and thereafter every 12 weeks.
Evaluation of response and toxicity
Toxicities were graded according to the Version 2 NCI Expanded Common Toxicity Criteria. The worst degree of toxicity experienced was recorded. The WHO criteria were used for measurement of response.
Statistical methods
The primary objective of the study was to determine ORR in each treatment arm. Secondary objectives were: safety profile, TTP and duration of response. We also studied the correlation of the circulating levels of ECD HER-2, EGFR and CA15-3 with clinical outcome. A sample size of 160 patients, 80 in each group, had been originally planned, calculated in order to achieve a difference in proportions with a precision (half width of the 95% confidence level) of approximately plus/minus 15%, assuming an ORR of 45% for paclitaxel alone vs. 60% of the combined treatment arm. We present here the results of an unplanned interim analysis, carried out at about 4 years from study start on 124 cases.
Patients were considered evaluable for analysis of efficacy if they had received at least one cycle (8 weeks) of treatment. Efficacy analyses were performed on all enrolled patients (intent-to-treat population, ITT) for TTP and on evaluable patients for ORR. Duration of response was computed as the number of days from the date the objective response first recording to the date of progression. TTP was computed as the number of days between date of the first treatment infusion and date of progression, or the last date the patient was known to be progression-free. Survival was calculated from the date of enrollment to the date of death due to any cause. Duration of response, TTP and survival were analyzed using the Kaplan-Meier method.
To identify predictive indicators of response multivariable analyses were conducted using unconditional logistic regression for ORR or Cox regression model for TTP.
The measurements of circulating biomarkers were available in 89 subjects before and during treatment. Baseline marker measurements were categorized according to predefined cut-offs [20] ; on-treatment measurements were transformed into the ratio vs. baseline values and categorized according to the median value.
The multivariable models included as predictors indicator variables coding for the treatment arm, the subgroup defined by each clinical or biomarker, and pre-selected first order interaction terms to identify potential effect modification. Biomarkers were also investigated as prognostic factors. Results from multivariable models are described by reporting stratumspecific odds-ratio and hazard ratio estimates from logistic and Cox models, respectively, together with corresponding 95% confidence limits and P values for interactions. Therapeutic benefit with the combined treatment is indicated by odds-ratios above one (increased response probability) or hazard ratios below one (decreased hazard of progression).
The SAS software package (version 8.2; SAS Institute Inc., Cary, NC) was used for statistical analyses. All P values reported are two-sided, and were considered significant when below the 5% threshold. The CONSORT recommendations have been adopted [21] .
Results
Patient characteristics
From December 2000 to September 2004, 124 patients were enrolled onto the trial of whom 123 were assessable for efficacy and toxicity and 118 for ORR (Fig. 1) A) and 36 cases (57.1%) (arm B) treated with anthracyclines-based regimens (Table 1) .
Feasibility of study drug administration
The median number of cycles of paclitaxel per patient was 18.5 (range = 1-52) in arm A, and 21 (range = 1-52) in arm B ( Table 2 ). The delivered dose intensity of paclitaxel was similar in both the arms: 99.31% (±5.13) in arm A and 96.27% (±10.57) in arm B, respectively. In arm B there were 1,737 trastuzumab infusions of which 1,423 in association with chemotherapy.
Safety and tolerability
A total of 123 patients were evaluable for toxicity. One patient was not evaluable because of a major protocol violation (not affected by metastatic disease). Regarding hematologic toxicity (Table 3) no patient developed grade 4 neutropenia. Fever occurred in one patient per arm, among the 4 patients and 8 patients (arm A and arm B, respectively) who experienced grade 3 neutropenia.
Another 12 patients (arm A) and 15 patients (arm B) developed grade 1-2 neutropenia. G-CSF was administered to 10 (16.7%) patients in arm A and to 13 (20.6%) patients in arm B. There was no death related to sepsis or infection. No patient developed grade 3 or 4 anemia. The most frequent grade 3 or 4 non-hematologic toxicities were: alopecia (9.8% and 17.5% in arm A and B, respectively), asthenia (8.2% and 14.2% in arm A and B, respectively), peripheral neuropathy (11.5% and 4.8% in arm A and B, respectively), and diarrhea (1.6% and 3.2% in arm A and B, respectively) ( Table 4) . No patient developed symptomatic congestive heart failure. During therapy there was no significant decrease in LVEF values to below the institutional lower limits of normal (Table 5) . By comparing the baseline LVEF values with the last recorded LVEF assessment (3rd follow up = 46-54 week), a slight decrease of LVEF was observed in arm B (65% vs. 63%) and in arm A (63% vs. 50%; P = .14), but in many subjects the last LVEF assessment was at the time of disease progression. One patient in arm A experienced an acute myocardial infarction requiring hospitalization and medical therapy. She was a 63 years old woman, affected by obesity, type II diabetes and hypothyroidism. One patient in arm B, affected by extended liver disease with ascites, pleural effusion and type II diabetes, experienced an ischemic heart attack during the first infusion.
Efficacy
Oversee One hundred-eighteen patients were assessable for ORR. Six cases were not evaluable for the following reasons: one patient in arm A had non measurable disease, two patients in arm B refused treatment; one patient in arm B experienced a serious test: *P < 0.05; **P < 0.01; ***P < 0.001 In arm B, among the 60 assessable patients, 13 achieved a complete response (21.7%) and 32 (53.3%) a partial response, for an ORR of 75% (95% C.I. = 62.1-85.3). The difference between the two arms was statistically significant (Pearson chi square test, P = 0.0378).
Another 14 patients in arm A and 11 patients in arm B had stable disease, for an overall disease control of 81% and 93.4%, respectively (Table 6 ). In subset analysis, there was a statistically significant difference in ORR between the two arms among the patients with HER2 IHC 3+: arm B 84.5% (95% C.I. = 73.1% -95.8%) vs. 47.5% (95% C.I. = 32.3%-62.6%) in arm A (Pearson v 2 test, P = 0.00050). The patients without visceral disease had a nonsignificant better ORR as compared to those with visceral involvement in both the arms: 74.3% vs. 57.1% for patients with visceral disease in arm B and in arm A (P = 0.19) respectively.
Median duration of response was 280 days and 362 days in arm A and B, respectively. Median TTP was 204 days (arm A) versus 301 days (arm B); logRank test, P = 0.076 ( Fig. 2A) . Among the patients with HER2 IHC 3+ a statistically significant difference between the two groups of treatment emerged (arm A: 272 days vs. arm B: 369 days; log-Rank test, P = 0.030) (Fig. 2B) . Similarly, among the patients with visceral involvement there was a statistically significant difference in favour of the combined treatment (arm A: 183 days vs. 301 days arm B; log-Rank test, P = 0.0080).
The median follow-up was 16.6 months. The median OS has not yet been reached (because only 42 patients died).
The search for predictive factors of ORR (Table 7) yielded statistically significant results for HER2 score (P = 0.0035) only. An increased odds of response (OR) in arm B versus arm A occurred in the HER2 score 3+ subset (OR = 5.677). A borderline P value was observed for the number of metastatic sites (P = 0.0669). The benefit from the combined treatment was evident in patients with 1-2 affected sites (OR = 3.669), but not in case of more diffuse disease.
The average on-treatment versus baseline levels ratios for biomarkers were 0.80 for circulating HER2 and 0.85 for CA15.3 and were significantly < 1 both in arm A (P < 0.0001 and 0.0003, respectively) and arm B (P = 0.0029 and 0.0103, respectively), suggesting an effect, independent of treatment arm.
The search for predictive factors of TTP (Table 7 ) failed to yield significant results for all the investigated variables. However, a low P value was obtained for HER2 score (P = 0.0938), and in the IHC 3+ subset the upper 95% confidence limit for the hazard ratio was below one (HR = 0.497, 95% confidence limits: 0.260-0.952). Borderline P values were obtained for baseline circulating HER2 (P = 0.0538) and ontreatment CA15.3 (P = 0.0666).
Finally, a worse prognostic effect was significantly associated with elevated baseline CA15.3 levels (HR = 2.030, P = 0.0217).
Discussion
Trastuzumab, an anti-HER2 humanized monoclonal antibody is the first molecular targeting agent with documented activity in advanced breast cancer [22] .
The best clinical results have been obtained using trastuzumab in combination with chemotherapy as front-line therapy [23] and based on the results of the Phase III trial by Slamon et al. [11] , FDA approved trastuzumab in combination with a standard schedule of paclitaxel.
In such a study the results from the 3-week paclitaxel plus trastuzumab subset, indicated a survival benefit compared with paclitaxel alone, although the difference between the two arms was not statistically significant (22.1 vs. 18.4 months; P = 0.17).
Possible strategies to improve clinical results of the combinations of trastuzumab with taxanes include : (i) the identification of the taxane of choice; (ii) evaluation of triplets with taxanes and platinum salts or liposomal doxorubicin and (iii) the use of weekly schedules of paclitaxel or docetaxel. As far as the first point is concerned, Jones et al. [24] in a Phase III trial of standard schedule of paclitaxel versus docetaxel showed superiority for docetaxel in all clinical endpoints.
A randomized Phase II trial by Marty et al. [25] documented that the combination of trastuzumab and standard 3-week docetaxel is significantly more active than docetaxel alone.
Pegram et al. [26] reported the results of two phase II studies (BCIRG101 and UCLA-ORN) that evaluated triplets of trastuzumab, docetaxel and cisplatin or carboplatin. In both the studies an interesting response rate was obtained (ORR:79% BCIRG101; ORR:58% UCLA-ORN, respectively). Phase II studies, exploring triplets of trastuzumab, taxanes, and liposomal doxorubicin are ongoing, and Baselga et al. [27] reported a high overall response rate, with half of the patients with objective complete response.
Seidman et al. first explored the use of weekly schedules of paclitaxel alone [17] or combined with trastuzumab [10] . The results of these studies were encouraging in terms of activity and, particularly, regarding the toxicity profile.
Two additional Phase II studies by Gori et al. [15] and Fountzilas et al. [16] of trastuzumab with weekly paclitaxel, confirmed the results by Seidman et al. [10] .
On the contrary, weekly docetaxel in combination with trastuzumab seems to be more toxic, with two independent studies reporting that approximately one quarter of cases were withdrawn because of severe toxicity [28, 29] .
A major advantage of use of trastuzumab is the prolonged duration of response, therefore, it is crucial to combine it with tolerable schedules of chemotherapy and to limit the risk of cardiac toxicity, allowing for long-lasting treatments in responsive patients. Weekly paclitaxel seems to be a good option also because preclinical studies suggested that its low and frequent dosage enhances the antiangiogenic and pro-apoptotic effects [30] .
We performed the present study to explore the benefit of the interaction of trastuzumab and weekly paclitaxel as front-line therapy in women with HER2 overexpressing tumors.
At the interim analysis performed after the first 124 cases enrolled we decided for ethical reasons to interrupt the accrual of patients. The decision was based both on data from other trials suggesting that only the patients with strong HER-2 overexpression (IHC score 3+) and/or gene amplification gain benefit from trastuzumab [31] and on our own results that confirmed a statistically significant superior outcome for the patients with HercepTest score 3+ and because the planned statistical difference of 15% for ORR between the two treatment arms was reached. We observed a high compliance to treatment with a delivered dose intensity >96% in both the arms. No patient experienced grade 4 hematologic toxicity, 12.7% of the cases in the combination arm had grade 3 neutropenia and only one patient experienced febrile neutropenia. These results compare favourably with the data by Marty et al. [25] who reported that in the combination docetaxel-trastuzumab arm 32% of patients had grade 3-4 neutropenia with 23% of episodes of febrile neutropenia. In our study only a minority of patients had grade 3-4 non-hematologic side effects with a slightly higher incidence of asthenia (14.3% vs. 8.2%) and a slightly lower rate of peripheral neuropathy (4.8% vs. 11.5%) in the combination arm. In both the arms there was no significant decrease in LVEF values. No patient had congestive heart failure, a woman treated with paclitaxel alone experienced an acute myocardial infarction resolved with medical therapy and another patient in the combination arm had a reversible episode of angina pectoris.
In both the treatment arms high ORRs were observed. The combined treatment was statistically significant more active than paclitaxel monotherapy (75% vs. 56.9%, respectively; P = 0.037), with only 4 out of the 60 (6.6%) assessable patients experiencing disease progression.
Subset analysis showed that the combined therapy was associated with significantly higher ORR as compared to paclitaxel monotherapy in patients with IHC score 3+.
Also the median TTP favoured the combined therapy, but the difference did not reach a statistically significant level (204 days vs. 301 days, respectively; P = 0.076). A statistically significant better median TTP for the patients treated with trastuzumab and paclitaxel was observed in the subsets of patients with HER2 IHC 3+ (P = 0.030) and visceral involvement (P = 0.0080). Multivariable analysis of predictive factors of ORR documented that HER2 score was the only significant predictor (P = 0.0035). A borderline P value was retained by the number of metastatic sites (P = 0.066).
Circulating ECD-HER2 basal levels were significantly associated with IHC score in agreement with the study by Fornier et al. [32] , but they did not retain predictive value. Similarly both circulating EGFR and CA15.3 were not predictive for response. No factor was predictive for TTP.
Finally, a significant worse prognostic effect in both the arms was associated with elevated baseline CA15.3 levels (P = 0.021).
Overall, trastuzumab combined with weekly paclitaxel is a highly active and safe regimen. The side effects of the schedule are manageable with a minority of patients requiring bone-marrow growth factor support and hospitalization for serious side effects. The regimen was not associated with cardiac toxicity.
In conclusion, the weekly regimen of trastuzumab and paclitaxel is recommended as one of the most active and safe regimens for women with BC with IHC HER2 of score 3+.
